Anthocyanin flower pigments of carnations have been reported for some pink, red, red-purple and mauve cultivars. Pelargonidin 3-O-glycoside was found in salmon and red cultivars, pelargonidin 3,5-di-Oglycoside in pink, cyanidin 3-O-glycoside in lavender and crimson, and cyanidin 3,5-di-O-glycoside in lavender and magenta ones [1, 2] . In 1986, Terahara et al. reported that the major anthocyanins in pink and red carnations were pelargonidin and cyanidin 3-Oglucosides acylated with malic acid [3] , and isolated pelargonidin and cyanidin 3-O-(6´´-O-malyl-βglucopyranosides) from the red cultivar 'Scania' and the purplish-red one 'Nina' [4] . Recently, cyclic 5-3 malyl pelargonidin and cyanidin were also identified from deeper colored cultivars [5, 6] . The yellow color in the petals of carnations is due to the accumulation of a chalcone, chalcononaringein 2´-O-glucoside (i.e., isosalipurposide) [7] [8] [9] . Some flavonoids also have co-pigmentation effects, which influence coloration by interaction with anthocyanins. Information of flavonoid structures is important to understand the coloration mechanism in carnation flowers. Recently, one C-glycosylflavone, isovitexin 7-O-(6´´-malylglucoside) and two flavonols, kaempferol 3-O-glucosyl-(1→2)-[rhamnosyl-(1→6)-glucoside] and kaempferol 3-O-(6´´malylglucosyl)-(1→2)-[rhamnosyl-(1→6)-glucoside] were isolated from the petals of transgenic carnation cultivars 'Moondust' and 'Moon shadow' [10] . Of their flavonoids, it was proved that isovitexin 7-O-(6´´malylglucoside) exhibits the strongest co-pigment effect.
In previous studies, only cyanic cultivars were investigated. As the first step of our study, acyanic cultivars were investigated seeking compounds whose occurrence in carnation flowers has not yet been reported. We selected a white flower cultivar 'White Wink' and a cream one 'Honey Moon' and detected three kaempferol 3-O-glycosides. In addition, the flavonoid contents of some white flower lines were compared to determine the contribution of kaempferol glycosides, including those identified here, to the creamy tone coloration of carnation flowers.
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Vol. 5 No. 12 1903 -1906 In this survey, three flavonoids (1 -3) were obtained as pale yellow powders from the petals of D. caryophyllus 'Honey Moon' and 'White Wink'. Acid hydrolysis of these liberated kaempferol as the aglycone, and glucose and rhamnose (1 and 3), and glucose alone (2) as the sugars. In the UV spectra, the bathochromic shift of band I by addition of NaOMe, with an increase in the intensity relative to the spectrum of the MeOH solution, showed the presence of free 4´-hydroxyl and substituted 3-hydroxyl groups [11] . Moreover, though band I bathochromically shifted on the addition of AlCl 3 , there was no hypsochromic shift on addition of HCl, showing the presence of a monohydroxyl group in ring B, and a free 5-hydroxyl group. The appearance of an accompanying peak on NaOMe addition, and a bathochromic shift of band II on addition of NaOAc showed the presence of a free 7-hydroxyl group. Thus, it was proved that the sugars are attached at the 3-hydroxyl position of their glycosides. Finally, flavonoids 1 and 2 were identified as kaempferol 3-O-neohesperidoside and kaempferol 3-O-sophoroside by ESIMS, and 1 H and 13 C NMR, respectively. In flavonoid 3, the shifts of 3-O-glucosyl C-2 (δ 82.9) and C-6 (δ 66.5) were recognized from the 13 C NMR spectra. The attachment of rhamnose to the 6-position and another glucose to the 2-position of 3-O-glucose were determined by the presence of HMBC and/or NOESY signals. Thus, flavonoids 3 was completely identified as kaempferol
The kaempferol glycoside content of a nearly pure white line 'MB3' was compared with those of five common white cultivars or lines, 'White Sim', 'Bridal White', 'Annabel', 'Milky Way' and 'BD2349-08' ( Table 1) . Three kaempferol glycosides, i.e. 3-Oneohesperidoside (1), 3-O-sophoroside (2) and 3-O-(2 Gglucosylrutinoside) (3) were detected in the flowers of the cultivars except for 'White Sim', which contained flavonoids 1 and 3 alone. The fourth kaempferol glycoside (4), which was not isolated from the flowers of 'White Wink' and 'Honey Moon', was found in all the cultivars except for 'White Sim'. However, it could not be characterized. Although the major glycoside was different in each of the cultivars, the total kaempferol contents of the five creamy white cultivars or line were from 5.9 (BD2349-08) to 20.9 (White Sim) times higher than that of the nearly pure white line 'MB3'. Kaempferol 3-O-neohesperidoside has been isolated from the leaves of Nerisyrenia linearifolia and N. gracilis (Cruciferae) [12] . Recently, kaempferol 3-Osophoroside has been isolated from the purple flowers of Gladiolus cultivar 'Ariake' as a co-pigment, together with kaempferol 3-O-rutinoside and quercetin 3-Orutinoside [13] . Kaempferol 3-O-2 G -glucosylrutinoside has been reported from Hosta ventricola (Liliaceae) [14] . In carnation, they have been reported from the flowers [15, 16] , roots and stems [17] of common cultivars. The basic structure of these glycosides was characterized as kaempferol 3-O-glucoside, with additional sugar moieties at the 2 and/or 6-positions of the 3-O-glucose. White carnation cultivars have been divided into three flower flavonoid types, i.e. flavonoidlacking cultivars, naringenin accumulating cultivars, and kaempferol accumulating cultivars [18] . Moreover, it was shown that the flavonoid biosynthesis pathway is blocked before chalcone synthesis in flavonoid-lacking cultivars, whereas it is blocked at the flavanone-3hydroxylase step in naringenin accumulating cultivars [19] . However, flavonoid identification had been not performed at the glycosylation level. In this experiment, it was shown that four kaempferol glycosides are involved, i.e. 3-O-neohesperidoside, 3-O-sophoroside, 3-O-(2 G -glucosylrutinoside) and an unknown glycoside. Although quercetin glycosides produce pale yellow colors, in the case of yellow Clematis species and cultivars, kaempferol glycosides do not apparently act as yellow pigments [20, 21] . In carnation, however, creamy white flowers contained over five times higher levels of kaempferol glycosides than a nearly pure white flower. The presence of such amounts of kaempferol glycosides surely contributes to the creamy tone in the white flowers of carnations. UV spectral analysis and acid hydrolysis were performed according to published procedures [11] . The ESIMS were analyzed on a TSQ system (Thermo Quest, San Jose, CA, USA). 1D and 2D NMR spectra were measured on a Bruker AVANCE 800.
Plant materials:
The flowers of two carnation cultivars 'White Wink' and 'Honey Moon' were used for flavonoid isolation. They were cultivated in Japan by Tobacco Inc., Co. Ltd., Oyama, Tochigi, Japan. A nearly white line 'MB3' and four white cultivars or lines, 'Bridal White', 'Annabel', 'Milky Way' and 'BD2349-08' were cultivated by Kirin Agribio Co., Ltd. The other white cultivar 'White Sim' was cultivated by the National Institute of Floricultural Science, National Agriculture and Bio-oriented Research Organization, Tsukuba, Ibaraki, Japan. Live specimens are growing in the nurseries mentioned above.
Extraction and isolation:
Dry petals (each 200 g) of 'Honey Moon' and 'White wink' were extracted with 80% MeOH for 2 days at room temperature. After concentration in vacuo, the residue was dissolved in a small volume of 10% MeOH and applied to a Sephadex LH-20 column and eluted with 70% EtOH. The fractions containing the flavonoids were concentrated and purified by prep. HPLC. The isolated flavonoids were concentrated to dryness and freeze dried. [14] . 
Analysis of flavonoid contents: White petals of 'Bridal
White', 'Annabel', 'Milky Way' 'BD2349-08' and 'White Sim' were extracted with 10% HOAc in MeOH. The extracts were analyzed by HPLC using an HP1100 system with photodiode array detector (Agilent Technologies-Yokokawa Analytical Systems, Tokyo, Japan) and an Inertsil ODS-2 column (4.6 mm x 250 mm, GL science, Tokyo, Japan) combined with an Inertsil ODS-2 guard column at 40ºC with a flow rate of 0.8 mL/min. Absorption spectra were monitored at 240-580 nm. A linear gradient of 10-50% of solvent B (1.5% H 3 PO 4 , 40% MeCN, 50% HOAc) in solvent A (1.5% H 3 PO 4 ) was run for 40 mins. Flavonoids were identified and quantified based on absorption spectra and the absorption at 360 nm.
